Aluminum, Hafnium, Zinc, Zirconium, Alloy A great number of samples in the systems ZrZ^-arAls and HfZn2_xAl z was prepared and investigated by means of X-ray powder diffraction. In both systems hitherto unknown ternary Friauf-Laves structures of the MgCu2-type (S. G. Fd3m) were identified. Their homogeneity regions were determined to be ZrZno.eAl1.4-ZrZno.4Al1.6 and HfZn1.25Alo.75-HfZno.sAli.s, respectively. The unit cell parameter of ZrZno.sAli.s is a = 747.3 ± 0.3 pm, and for HfZno.sAli.s a = 741.4 ± 0.3 pm. For the alloys of these particular compositions the atomic positions were determined using trial and error methods. In the investigated systems, depending on the composition and/or thermal treatment, alloys having the AuCu3 structure (S. G. Pm3m) were also observed. Structural correlations of these ternary Friauf-Laves phases with their corresponding binary prototypes were made in terms of stacking sequences.
Introduction
In our earlier papers, studies on substitution (of both components) in cubic AB 2 phases as well as in structuraly closely related AB5 phases were described [1] [2] [3] . Since no adequate theory for explaining the appearance of these phases is available, we were interested in further substitutional studies in FriaufLaves phases.
In the systems ZrZ^-zAlx and HfZn 2 _iAl z the corresponding binary prototypes are isostructural with the Friauf-Laves phases of the MgCu2-type (ZrZn 2 , HfZn 2 ) or MgZn 2 -type (ZrAl 2 , Hf Al 2 ) [4] [5] [6] . Only HfZn 2 is polymorphic, i.e. crystallizes also with the hexagonal MgNi 2 -type of structure [5] .
Some literature data of the Zr-Zn-Al and Hf-Zn-Al ternary systems, on the ZrZri3-ZrAl3 and HfZn3-HfAl3 tie lines, are also available [7, 8] .
Experimental

Materials and Methods
The following metals were used in this investigation: hafnium filings (99.9%) and aluminum powder (99%) (obtained from Koch-Light Laboratories Ltd.), zirconium powder (Carlo Erba, reagent grade), zinc powder (Kemika, Zagreb, reagent grade).
Samples of the general formulae ZrZn2-x Al x and HfZn2_ x Al x , were prepared by direct synthesis from elements in evacuated silica tubes. All samples were annealed at 800 °C for 360 and 1080 h. In order to prepare single phase alloys in some cases (especially in the system HfZn2-x Al x ) the homogenization temperature was risen up to 1000 °C for 72 and 192 h.
* Reprint requests to A. DraSner. 0340-5087/81/1200-1547/$ 01.00/0 X-ray powder diffraction patterns were taken on a Philips diffractometer PW 1050, using nickelfiltered CuKa radiation and silicon as an internal standard. Relative intensities were calculated taking into account the structure factor, the Lorentzpolarization factor and multiplicities.
Results
The system ZrZn^-xAlx
The results of X-ray examinations of the samples annealed at 800 °C for 1060 h indicated the existence of two new ternary phases of the composition ZrZno.sAli.s and ZrZni.sAlo.s, respectively.
The unit cell of ZrZno.sAli.s is cubic with a = 747.3 ± 0.3 pm. The powder diffraction pattern was indexed on the basis of a MgCu2-prototypes (S. G. The relevant diffraction data are presented in Table I . The alloy is homogeneous in the region ZrZno.eAl1.4-ZrZno.4Al1.e. The variation of the lattice parameter within the single phase region follows Vegard's law (Fig. 1 , Table II ).
The crystal structure of ZrZni.sAlo.s is also cubic, but belongs to the space group Pm3m (AuCu3-type, a = 407.3 ±0.3 pm), being stable up to 1000 °C. The samples with the MgCu2 structure at 800 °C become multiphase when the homogenization temperature rises up to 1000 °C. On the other hand the latter samples are of two phase nature (MgCu2 + AuCua) if the time of homogenization is reduced.
The system HfZn^-xAlx
In this system single phase alloys were obtained only after homogenization at 1000 °C for at least 192 h. The single phase region was determined to be HfZni.25Alo.75-HfZno.5Ali.5. The diffraction patterns were also indexed on the basis of a cubic structure of the MgCu2-type. The comparison between observed and calculated intensity values for HfZno.öAli.ö are in best agreement if the atomic arrangement within the unit cell is the same as described for ZrZno.sAli.s. The relevant diffraction data are presented in Table III . The plot of lattice parameter vs composition indicates a linear dependance according to Vegard's law ( Fig. 1 and Table II) . It should be noted that lower temperature of homogenization (900 °C and 800 °C) and/or reduced time produced two phase samples (ternary MgCu 2 and AuCu3 structure). Single phase alloys of the AuCu3-type could not be prepared.
Discussion
An interesting feature of both systems is the occurrence of the ternary AuCu3 structure. We believe that the presence of this structure on Zr(Hf)Zn2-Zr(Hf)Al 2 tie lines has to be attributed to the widely extended homogeneity region of the AuCu3 structure observed on the Zr(Hf)Zn3-Zr(Hf)Al3 lines in the regions ZrZn 2 Al-ZrZno.8Al 2 .2 and HfZn 2 . 4 Alo.6-HfZnAl 2 , respectively [7] . Thus the occurrence of AuCu3 structure: 1) after the reaction of the components, 2) at lower temperature of homogenization and 3) at reduced time of homogenization, speaks for less energy required for formation, of the simple close packed arrangement of three kinds of atoms. Additional energy (and time) is necessary in order to facilitate further ordering (MgCu 2 structure). This could also explain the higher temperature required for samples containing hafnium (heavier atom).
The atomic arrangement in the AuCu3 unit cell was calculated for the single phase sample of the composition ZrZn1.5Alo.5-The best agreement between observed and calculated intensity values is obtained if 1 Zr atom is at the position 1(a) and (0.333 Zr + 2 Zn + 0.666 Al) statistically in 3(c). Thus the formula for this compound can conveniently be written as Zr(Zro.333Zn2Alo.666) or generally, for all samples with the AuCu3 structure Zr(Zr,Zn,Al)3. The presence of Zr atoms in positions 1 (a) as well as in 3 (c) is not unusual, because in the binary system Zr-Al, zirconium atoms were found to occupy alternatively the very same positions in Zr 3 Al and ZrAl3 [9] .
It seems to be of interest to consider the FriaufLaves phases described here and their binary prototypes in terms of stacking sequences. All these phases have stacking sequence motives based on kagome nets (smaller atoms), interleaved with three triangular nets (two of larger and one of smaller atoms) [10] . Fig. 2 net and a projection of triangular nets for these structures, along [111] for the cubic and [001] for the hexagonal cell. It is apparent that the substitution of zinc atoms with aluminium atoms and/or vice versa always takes place both in kagome and in the triangular net. This is in agreement with our earlier findings in related systems [2, 3] . Namely, it was pointed out that the substitution takes place within kagome net only if the crystal structure changes, and/or within triangular net only, if the prototype structure is preserved. In the systems described here, depending on the adopted viewpoint, the crystal structure changes as in ZrAl 2 ...ZrZn 0 .5Ali. 5 and HfAl 2 ...HfZno.5Ali. 5 , or is preserved (ZrZn 2 ...ZrZno.sAli.s and HfZn 2 (cub.)...HfZno.5Ali.5). In this way the substitution within kagome and triangular nets could be consistently explained.
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